Abstract -The dynamic range of the six-port type of automatic network analyzer is typicatly limited to measuring two-port devices with a transmission coefficient ,S12 in the range of O to -60 dB. 
From (l), the reflection coefficient 171measured at port 1 is
When the phase shifter is in the 180°position, MTT-33, NO. 6, JUNE 1985 It has been shown that in general for any six-port [2] (7)
where Pi is the power absorbed by the detector on port i, If the complex reference signal is denotated as rl and the complex modulated signal ml, then the detector output, assuming a square-law detector, is given by the "law of cosines" as
where k is the detector conversion constant, and a is the angle between rl and ml. However, since a is either O or 180°depending on the modulator state, the detector put is
where U(t) is a square wave of unity amplitude frequency~M. The dc terms in (13) are removed by capacitor C3, and the square wave
out- (13) and is sent to the 1:4 step-up transformer. The voltage of the fundamental frequency component of S(t) after amplification in a low-noise preamplifier with a gain of 1000 is measured by the vector voltmeter.
The 1:4 step-up transformer along with capacitors Cl and C2 are primarily used to remove audio frequency ground loops. Capacitors Cl and C2 are inner and outer dc blocks, which means that the grounds for the RF generator, isolators, and power detector are dc isolated from the grounds for the hi-phase modulator, audio generator, and vector voltmeter. thermistor; and a barretter. The thermistor and barretter were tested with the power meters that they are normally configured with for six-port applications. The thermistor is connected to a self-balancing power meter [4] , while the barretter is connected to an NBS type-II power bridge [5] . The frequency response of the thermistor and self-balancing bridge is 1.6 kHz (3-dB cutoff frequency), and 17 kHz for the bametter and type-II bridge. It should be noted that these frequency responses are for the small (millivolt) signals encountered in this study.
The RF frequencies of 0.4 and 2 GHz were arbitrarily chosen for detector dynamic range measurements. Fig. 3 shows a typical result where the voltage at the input to the vector voltmeter is plotted as a function of the modulated signal level. The level of the modulated signal is expressed in decibels relative to the reference signal which for the thermistors is P,= 10 mW, and for the barretter is P,= 1.0 mW. Fig. 4 shows similar measurements for the Schottky diode. The level of the reference signal for the Schottkydiode measurements is P,= 0.1 mW. Fig. 4 also shows the changes that occur as the modulation frequency is increased from 0.1 to 10 kHz. These changes are due to the l/f noise characteristics and the frequency response of the 1:4 stepup transformer. The RF frequency is j. and modulation frequency is~m.
The dynamic range of the detectors in this report is defined as Ad= lolog(Pr/Pm)
where P, is the reference power level, and
Pm is the modulated signal power level that produces a 3-dB signalto-noise ratio at the input to the vector voltmeter. Fig. 5 shows a plot of Ad versus P, for the three different detectors at 2 GHz. If the detectors are truly "square law,"
then Ad increases by 20 dB for every 10-dB increase in P,. A plot of the systematic error versus 1S12I is shown in Fig. 8 Unfortunately, the systematic errors are somewhat greater.
Systematic errors in measuring 80-dB attenuators are as large as 0.4 dB using calibration method A, and 0.16 dB using calibration method B. A significant engineering effort is still required to develop a standards quality system for measuring ISIZ I greater than 60 dB. Some of the problems that still need to be addressed are as follows. a) Radio frequency leakage from the diodes, connector, modulator, etc., is significant and must be reduced for quality measurements.
b) The effects of errors from harmonics generated by the diode power detectors and the diode hi-phase modulator need to be evaluated.
c) The four isolators that precede the bi-pfihase modulator and the :3-GHz filter that follows it are narrowband. Ideally, all components of the network analyzer should be as wideband as possible.
d) The discrepancies in measurements using calibration method A versus B need to be resolved. It is anticipated that these discrepancies will disappear as the other sources of errors such as harmonics and RF leakage are removed.
e) The current technique is dependent on the gain stabilit y of the vector voltmeter.
No method currently exists, other than recalibration, for detecting "any gain changes in this unit.
f) The physical packaging of the six-ports needs to be carefully evaluated if measurements of ISlz I greater than 80 dB are to be consistently made. Problems with rigidity, temperature stability, RF leakage, etc., must be addressed.
APPENDIX A
The ANA can be thought of as a three-port network whose ports consist of the two measurement ports 1 and 2, and one port for the generator input, port 3. Let Sjj be the 
Note that D4 is a constant independent of the device under test. As in Appendix A, we can let rl = S'll for high-loss pads. Then (Bl) leads to
Pq a la11211-DISIJ*.
Substituting estimates of the u,, in (B4), one can show that ID,S1lI <1
for reasonably well-matched pads. Then to Ial 12,which is the desired result.
